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RI PDQXIDFWXULQJ V\VWHPV DQG WKHLU VDIHW\ UHTXLUHPHQWV SODFH GHPDQGV RQ V\VWHP GHVLJQ LPSOHPHQWDWLRQ DQG
9	90RGHOVFDQVHUYHLQUROHVGRZQVWUHDPRIGHVLJQVXFKDVV\VWHPFHUWLILFDWLRQSHUIRUPDQFHRSWLPL]DWLRQUHDO
WLPH GLDJQRVWLFV DQG SURJQRVWLFV DQG PDLQWHQDQFH 0RGHOEDVHG V\VWHPV HQJLQHHULQJ 0%6( LV LQWHQGHG WR
VXSSRUWPDQ\RIWKHVHUROHVDQGDGGUHVVWKHVHUHTXLUHPHQWWRWHVWWUDFHDELOLW\FKDOOHQJHV,QWKHSDUWLFXODUFRQWH[WRI
SURFHVV SODQW GHVLJQ KRZHYHU QHLWKHU WKH FXUUHQW JHQHUDWLRQ RI 0%6( WRROV QRU FRPPRQSODFH SUDFWLFHV DUH
SDUWLFXODUO\ZHOOVXLWHGWRWKHVHHQGV
7KHFXUUHQWJHQHUDWLRQRI0%6( WRROVSURYLGHJHQHUDOSXUSRVHYLHZSRLQWV WKDWRIWHQWLPHVDUHQRWHIILFLHQWDW
FRQYH\LQJ GRPDLQVSHFLILF LQIRUPDWLRQ 9LHZSRLQWV DQG DQDO\VLV WRROV DUH RIWHQ QRW LQWHJUDWHG DQG PD\ QRW EH
FRQVLVWHQWDFURVVPRGHOV0RUHLPSRUWDQWO\PDQ\W\SHVRIPRGHOVODFNWKHVHPDQWLFULFKQHVVWRDOORZGHVLJQHUVWR







REYLRXV 7KH LQDELOLW\ WR WUDFH IURP GHVLJQ FRPPLWPHQWV EDFN WR WKHLU UDWLRQDOH DQG UHTXLUHPHQWV PD\ KDYH
FRQVHTXHQFHVQRWRQO\LQ9	9EXWDOVRLQWKHPDLQWHQDQFHDQGRSHUDWLRQRIWKHV\VWHPVDQGWKHSODQW)RUH[DPSOH
DIWHU \HDUV RI RSHUDWLRQ HTXLSPHQW LGHQWLFDO WR WKH RULJLQDO HTXLSPHQW XVHGPD\ EHFRPH XQDYDLODEOHPDNLQJ LW
QHFHVVDU\ WR UHIHUHQFHGHVLJQ UHTXLUHPHQWV WR LGHQWLI\ VXLWDEOH UHSODFHPHQW HTXLSPHQW0RGHOV XVHG LQ DFWLYLWLHV
GRZQVWUHDP RI GHVLJQ HJ WHVWLQJ IRU VDIH RSHUDWLRQV VKRXOG EH WUDFHDEOH WR GHVLJQ GHFLVLRQV DQG RSHUDWLRQDO
LQWHQW
$XWRPDWHG WHVW JHQHUDWLRQ DQG IRUPDOPHWKRGV RI9	9PD\ SURYLGH YDOXH E\ HQVXULQJ WHVW FRYHUDJH DQGE\
OLQNLQJ WHVWV WR UHTXLUHPHQWV .QRZOHGJH RI WKH WHVWLQJ SHUIRUPHG UHODWLYH WR UHTXLUHPHQWV FDQ VHUYH WR IXUWKHU
GHVFULEH WKH UHTXLUHPHQWV %XW DSSO\LQJ IRUPDO PHWKRGV WR SURFHVV SODQW V\VWHP HQJLQHHULQJ SUHVHQWV LWV RZQ
SUREOHPV7KHFKDOOHQJHLVWZRIROGWKHUHLVDEXUGHQRQWKHHQJLQHHUWRVSHFLI\WKHUHTXLUHPHQWLQDIRUPUHTXLUHG
E\ WKH IRUPDOPHWKRG DQGZLWK LQFUHDVLQJ IRUPDOLW\ LW EHFRPHV LQFUHDVLQJO\ GLIILFXOW WR LQWHUSUHW WKH UHVXOWV RI
WHVWLQJ LQ WHUPVPHDQLQJIXO WR WKHHQJLQHHU%RWKRI WKHVHHIIHFWVDOVR LPSHGH WKHDELOLW\ WR UHODWH WHVWLQJEDFN WR
UHTXLUHPHQWV
7KLV SDSHU GLVFXVVHV DQ DSSURDFK WKDW XVHV GRPDLQVSHFLILF PRGHOLQJ '60 IRU FDSWXULQJ DQG VKDULQJ
HTXLSPHQW V\VWHPDQGIDFLOLW\UHODWHG UHTXLUHPHQWVGHVLJQ LQIRUPDWLRQDQGFRQVWUDLQWV'60SURYLGHVJUDSKLFDO
QRWDWLRQV LQWHQGHG WR IDFLOLWDWH WKH WUDQVODWLRQ RI VWDNHKROGHU FRQFHUQV LQWR WKH LQIRUPDWLRQ UHTXLUHPHQWV RI WKH
DSSOLFDWLRQ2XUSDUWLFXODUXVHRID'60FRQFHUQVWKHXVHRIIRUPDOPHWKRGVRI9	9DQGDVVRFLDWHGWRROLQJ,WLV




IRUPDOPHWKRGV LH VDWLVILDELOLW\SURRIRISURSHUWLHVFDQEH LQWHJUDWHG LQWR IDPLOLDUPDQXIDFWXULQJDQGV\VWHPV
HQJLQHHULQJYLHZSRLQWVXVLQJGRPDLQVSHFLILFPRGHOLQJ7KHSDSHUGHVFULEHV WKHSURWRW\SH'60EDVHG WRROFKDLQ
ZKLFK VXSSRUWVGLIIHUHQWYLHZSRLQWVRI LQWHJUDWHGPRGHOV IRU D V\VWHPGHVLJQ DQGSURYLGHVH[DPSOHVRIKRZ WKH
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
LQWHJUDWLRQ ZLWK IRUPDO PHWKRGV FDQ LGHQWLI\ GHIHFWV LQ WKH GHVLJQ DQG DXWRPDWLFDOO\ JHQHUDWH WHVW YHFWRUV ZLWK
UHTXLUHPHQWWRWHVWWUDFHDELOLW\7KHVHUHVXOWVXVHDSURFHVVSODQWGHVLJQH[DPSOHEXWWKHUHVXOWVVKRXOGEHHTXDOO\




:H VHHN WR HIILFLHQWO\ DQG HIIHFWLYHO\ DSSO\ 9	9 WR WKHVH LQFUHDVLQJO\ FRPSOH[ V\VWHPV 9	9 DFWLYLWLHV
UHIHUHQFH UHTXLUHPHQWV 7KH PHWKRG RI FDSWXULQJ DQG UHSUHVHQWLQJ UHTXLUHPHQWV PXVW EH FRPSUHKHQVLEOH WR WKH
YDULRXVVWDNHKROGHUVLQYROYHGLQSURFHVVSODQWHQJLQHHULQJ,QWKHFXUUHQWGHVLJQRISURFHVVSODQWVWKHSURGXFWGDWD
VKHHWLVWKHNH\PHDQVE\ZKLFKHTXLSPHQWUHTXLUHPHQWVDUHUHSUHVHQWHGDQGFRPPXQLFDWHGDPRQJVXSSOLHUVDQG
GHVLJQHU$'60HQDEOHV HQJLQHHUVZKRGRQRW KDYHGHWDLOHG NQRZOHGJHRI WKH IRUPDOPHWKRGVXVHG WR VSHFLI\
9	9SUREOHPV6SHFLILFDOO\ WKHHQJLQHHUXVHVUHSUHVHQWDWLRQVIDPLOLDUWRKLPVXFKDVSLSLQJDQGLQVWUXPHQWDWLRQ
GLDJUDPV3	,'VDQGSURSHUWLHVW\SLFDOO\IRXQGRQSURGXFWGDWDVKHHWVWKDWDUHFDSWXUHGLQWKHPRGHO
2XU SURWRW\SH VXSSRUWV  FDSWXULQJ SURFHVV V\VWHP UHTXLUHPHQWV GHVLJQ DQG SURSHUW\ VSHFLILFDWLRQV 
DXWRPDWLQJJHQHUDWLRQRIV\VWHPWHVWV WKDWUHSUHVHQWV WKHORJLFDOVWUXFWXUHRIDQHQYLVDJHGV\VWHPLWVFRPSRQHQWV
DQGWKHLULQWHUFRQQHFWLRQDQGYHULI\LQJWKDWLQWHUDFWLRQRIFRPSRQHQWVDFKLHYHVV\VWHPJRDOV
$ FORVHGORRS KHDW WUDQVIHU OLTXLG FLUFXODWLQJ &+/ V\VWHP VKRZQ LQ)LJ ZDVXVHG LQ WKHSURWRW\SH7KH
PRGHO XVHV 3	,' JUDSKLFDO QRWDWLRQV WR UHSUHVHQW FRPSRQHQWV VXFK DV VWRUDJH WDQNV SXPSV KHDW H[FKDQJHV
VHQVRUVDQGYDOYHV7KH&+/3	,' LVSDUWRIDGRFXPHQWEDVHGV\VWHPEUHDNGRZQVSHFLILFDWLRQ WKDW LQFOXGHVD
V\VWHP UHTXLUHPHQW WUHHZLWK DVVRFLDWHG V\VWHP FRPSRQHQW DQG LQWHUIDFH UHTXLUHPHQWV 3	,'V DUH JHQHUDWHG DV
YLHZVRIPRUHGHWDLOHGPRGHOVRIWKHV\VWHPHJWKH'PRGHORIWKHSK\VLFDOFRQILJXUDWLRQDQGQHWZRUNDQGORJLF
PRGHOVIRUFRQWUROV\VWHPVDQGRSHUDWLRQV
'60 ODQJXDJHV '60/ DUH DSSOLHG WR WKH SUREOHP $ '60/ LV D PRGHOLQJ ODQJXDJH GHILQHG XVLQJ D
PHWDPRGHO DQG XVHG WRPHGLDWH EHWZHHQ D XVHU YLHZSRLQW DQG WKH LQIRUPDWLRQ QHHGV RI D VRIWZDUH DSSOLFDWLRQ



















)LJ  SURYLGHV D KLJKOHYHO SHUVSHFWLYH RI WKH SURWRW\SH WRROFKDLQ 7KH SURFHVV LQYROYHG WKH FUHDWLRQ RI
PHWDPRGHOV7KHSURWRW\SHLQFOXGHVWZRPHWDPRGHOVDRQHIRUWKHSURFHVVIORZDQGDQRWKHUIRUPHFKDQLFDO
FRQWURO WKDW VKDUHV REMHFWV UHODWLRQVKLS UROHV HWF $ GLDJUDP HGLWRU  XVHV WKH PHWDPRGHOV D WR FUHDWH
DSSOLFDWLRQVSHFLILFPRGHOV EZKLFK DOVR VKDUH REMHFWV DV VKRZQ LQ )LJ  7KH JHQHUDWRU  XVHV D WHPSODWH
ODQJXDJHFWRH[WUDFWPRGHOHGLQIRUPDWLRQIURPRQHRUPRUHGLDJUDPVWRSURGXFHWKHLQSXWUHSUHVHQWDWLRQXVHGE\









































DQG GRPDLQ 60(V VXFK DV SURFHVV SODQWPHFKDQLFDO FRQWUROV DQG VDIHW\ HQJLQHHUV $SSOLFDWLRQ HQJLQHHUV DQG
60(V XVH WKH FUHDWHG'60V WR SURGXFH WKH DSSOLFDWLRQVSHFLILFPRGHOV 7KH ODVW UROH LQYROYHV GHYHORSPHQW RI
JHQHUDWRUVWRWUDQVIRUPWKHPRGHOVWRDIRUPVXLWDEOHIRUWKHVLPXODWLRQDSSOLFDWLRQVDQDO\VLVDQGWHVWJHQHUDWLRQ
7KLVHIIRUWFDQUHTXLUHFROODERUDWLRQEHWZHHQWKH'60PRGHOHUUHVHDUFKHUVDQGWHFKQRORJ\VSHFLDOLVWV
:KHQ WKH GHVLJQ LV HODERUDWHG LQ WKH SURFHVV IORZPRGHO DV VKRZQ LQ)LJ  D SURSHUWLHVPHQX LV GLVSOD\HG











7KH'60 JHQHUDWRU  LQ )LJ  DOORZV WKH H[WUDFWHGPRGHO LQIRUPDWLRQ WR EH IRUPDWWHG LQ D SUHFLVHZD\
V\QWDFWLFDOO\DQGVHPDQWLFDOO\7KHJHQHUDWRULQFOXGHVVXSSRUWWRSURGXFHDUWLIDFWVIRUD7ZLQ&$7VLPXODWRUDQG7
9(&7DEXODU0RGHOHU 770770KDVDPRGHOLQJ ODQJXDJHEDVHGRQ WKH1DYDO5HVHDUFK/DERUDWRU\6RIWZDUH
&RVW5HGXFWLRQ6&5ODQJXDJHDQGKDVEHHQH[WHQGHGWRLQFOXGHRWKHUIHDWXUHVIRUOLQNLQJWH[WXDOUHTXLUHPHQWV
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7KH JHQHUDWRU H[WUDFWV LQIRUPDWLRQ DVVRFLDWHG ZLWK '60 PHWDPRGHO FRQFHSWV VXFK DV GLDJUDPV REMHFWV
UHODWLRQV UROHV DQG SRUWV 7KH H[WUDFWHG LQIRUPDWLRQ LV WUDQVIRUPHG LQWR 770 PRGHO FRQVWUXFWV VXFK DV
UHTXLUHPHQWV W\SHV FRQVWDQWV DVVHUWLRQV VWDWH PDFKLQHV LQSXWV DQG HYHQW DQG FRQGLWLRQ WDEOHV $ 770
UHTXLUHPHQWLVFUHDWHGIRUHYHU\GLDJUDPFRPSRQHQWDQGSLSHUHODWLRQ5HTXLUHPHQWVLQWKH770PRGHODUHOLQNHG
WRWKHPRGHOHGLQIRUPDWLRQDVGHSLFWHGLQ)LJVRWKDWZKHQWHVWYHFWRUVDUHJHQHUDWHGWKHUHTXLUHPHQWLVWUDFHG
DQG OLQNHG WR WKH UHTXLUHPHQWV SURYLGLQJ UHTXLUHPHQWWRWHVW WUDFHDELOLW\ $ 770 W\SH LV JHQHUDWHG IRU HDFK
FRPSRQHQWEDVHGRQWKHSURSHUWLHV)RUH[DPSOHD+HDWB([FKDQJHUBW\SHLVUHSUHVHQWHGDVDVWUXFWXUHWKDWLQFOXGHV
IORZBUDWHSUHVVXUH DQG WHPSHUDWXUH8QLWV DUH D IRUPDOSURSHUW\RI HDFK W\SH$770 LQSXW LV FUHDWHG IRU HDFK
FRPSRQHQWDQGDVVRFLDWHGZLWKDW\SHHJ+[LVRIWKHW\SH+HDWB([FKDQJHUBW\SH




DVVRFLDWHGZLWKWKHDWWULEXWHVHJ+[IORZBUDWH $1'+[SUHVVXUH $1'+[WHPSHUDWXUH 
DQGDSRVWFRQGLWLRQDVVRFLDWHGZLWKWKHSRVVLEOHRXWSXWVIRUWKDWFRPSRQHQWEDVHGRQWKHLQSXWV(DFK770







FRQVWUDLQWV VXSSRUW IRUPDO DQDO\VLV WR HQVXUH WKH IORZ SDWK RXWSXW IORZ UDWH SUHVVXUH DQG WHPSHUDWXUH RI D
FRPSRQHQWLVQRWWRRKLJKIRUGRZQVWUHDPHOHPHQWVVXFKDVYDOYHVRURWKHUKHDWH[FKDQJHUV7RFRQILUPWKHIORZ
UDWHOLPLWWKHJHQHUDWRUFUHDWHVWZRGLVMXQFWLRQVIRUHDFKSLSHUHODWLRQHJWBWKLVLVUHSUHVHQWHGE\WKHWZR
GLIIHUHQW URZV LQ WKH WDEOH DV VKRZQ LQ )LJ  7KH &RQGLWLRQ LH SUHFRQGLWLRQ GHVFULEHV WKH FRQVWUDLQWV )RU
H[DPSOHWKHILUVWURZKDVVL[%RROHDQYDOXHGFRQVWUDLQWV7KHILUVWWKUHHHVWDEOLVKFRQVWUDLQWVWKDWDUHXVHGWRWHVW









7KH$VVLJQPHQWFROXPQLHSRVWFRQGLWLRQ LVDVVRFLDWHGZLWK WKH IORZSURSHUWLHVRXWRI WKHSLSH7KHJHQHUDWRU
SHUIRUPVDW\SHRIWUDQVLWLYHFORVXUHRSHUDWLRQWRHQVXUHWKDWHYHU\SLSHDQGMXQFWLRQLVUHODWHGWRHYHU\RWKHUSLSH
DQGFRPSRQHQWWRHQVXUHWKHDQDO\VLVFRYHUVDOORIWKHIORZSDWKV
7KH 79(& DQDO\VLV LGHQWLILHV WKRVH FRPSRQHQWV WKDW YLRODWH WKH SURSHUWLHV ZKLFK FRXOG LPSDFW RSHUDWLRQDO
XVDJHRU VDIHW\)LJ VKRZV LPDJHVRI WKUHHK\SHUOLQNHG UHSRUW HOHPHQWVSURGXFHGE\79(&7KHPDLQ UHSRUW
FDSWXUHV WKH WB FRYHUDJH DQDO\VLV LQGLFDWLQJ WKDW D SDUWLFXODU SDWK LH FDOOHG D GRPDLQ FRQYHUJHQFH SDWK
>'&3@WKURXJKWKHPRGHOLVQRWVDWLVILDEOH7KLVHUURUUHSRUWKDVDK\SHUOLQNWRWKHKLJKOLJKWHG&RQGLWLRQFROXPQ
IRU 5RZ  RI WKH WB WDEOH 7KH LPDJH DW WKH ERWWRP RI )LJ  VKRZV WKDW WKH IDLOHG SUHFRQGLWLRQ UHODWLRQ
RFFXUUHGXQGHUWKHFRQGLWLRQZKHQWKHIORZUDWHIRUWKHKHDWH[FKDQJH+LVJDOORQVSHUPLQXWHJSPDQG
















WRSURYLGHUHTXLUHPHQWWRWHVW WUDFHDELOLW\$WHVWYHFWRU LQFOXGHV WKHH[SHFWHGRXWSXWVDQG WHVW LQSXWYDOXHV W\SH
DQGDVVRFLDWHGGRPDLQ
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&RQFOXVLRQV





 FUHDWLQJ DSSOLFDWLRQVSHFLILFPRGHOV XVLQJ WZR JUDSKLFDO'60/V DQG  SURGXFLQJ WKH JHQHUDWRU UHTXLUHG WR
GHPRQVWUDWH DQDO\VLV DQG WHVW JHQHUDWLRQ 7KLV W\SH RI'60EDVHG WRROFKDLQ DSSURDFK VXSSRUWVPRGHO HYROXWLRQ
ZKHQQHZ WHFKQRORJLHVDUHFUHDWHG LQ WKHGRPDLQ HJF\EHUSK\VLFDO V\VWHPV7KLV LVSDUWLFXODUO\ LPSRUWDQWDV
QHZ WHFKQRORJLHV IRU VPDUW PDQXIDFWXULQJ HVSHFLDOO\ WKRVH ZLWK FRPSXWDWLRQDO LQWHOOLJHQFH DUH HPHUJLQJ DW DQ
DFFHOHUDWLQJ UDWH :KHQ QHZ RU HQKDQFHG SURGXFWV RU V\VWHPV DUH FUHDWHG WKH\ FDQ EH FKDUDFWHUL]HG LQ WKH






,W LV WRRHDUO\ WRTXDQWLI\ WKHHIILFLHQFLHVDQGEHQHILWVRI WKLVDSSURDFKIRUVPDUWPDQXIDFWXULQJ+RZHYHU WKH
FRQFHSWXDO DSSURDFK SURSRVHG IRU WKLV SURMHFW LV VLPLODU WR WKH '$53$'LVUXSWLYH0DQXIDFWXULQJ 7HFKQRORJLHV
3$06 LQLWLDWLYH 7KLV VDPH SDWWHUQ ZDV XVHG RQ WKH 3$06 SURMHFW IRU DQ DYLRQLF IOLJKW FRQWURO '60 ZKHUH
TXDQWLWDWLYH FRPSDULVRQV DJDLQVW OHJDF\ GHYHORSPHQW SURFHVVHV LQGLFDWH JUHDWHU WKDQ  SHUFHQW UHGXFWLRQ LQ
GHYHORSPHQW WLPH DQG JUHDWHU WKDQ  SHUFHQW UHGXFWLRQ LQ OLIHF\FOH FRVW 7KHVH HIIRUWV UHSUHVHQW WKH WLS RI WKH
LFHEHUJDVWKHUHDUHPDQ\RWKHUW\SHVRIDQDO\VHVQHHGHGIRU&36)XWXUHHIIRUWVZLOOFRQWLQXHWRH[WHQGWKH9	9
VXSSRUW DQG ZRUN WR FUHDWH D EHWWHU YHQHHU WR LQFUHDVH WKH XVDELOLW\ WKDW LQWHJUDWHV WKH PRGHOLQJ DQG DQDO\VLV
LQIRUPDWLRQ





















L 5HIHUHQFHV WR SURSULHWDU\ SURGXFWV DUH LQFOXGHG LQ WKLV SDSHU VROHO\ WR LGHQWLI\ WKH WRROV DFWXDOO\ XVHG LQ WKH LQGXVWULDO DSSOLFDWLRQV
7KHLGHQWLILFDWLRQGRHVQRWLPSO\DQ\UHFRPPHQGDWLRQRUHQGRUVHPHQWE\1,67DVWRWKHDFWXDOVXLWDELOLW\RIWKHSURGXFWIRUWKHSXUSRVH
